aIM: To provide a quick evaluation of rebleeding risk based on the on-admission patient information and to guide the management of patients for better outcome.
InTRoduCTIon
Rebleeding is a severe and devastating complication of aneurysmal subarachnoid hemorrhage, with a reported mortality rate of 80% (19) . It is now recognized that early surgical intervention can effectively prevent rebleeding. However, in developing nations, the patient transport system and hospital conditions make early intervention difficult. Thus, immediate evaluation of the risk for rebleeding upon admission could provide a selective earlier and more aggressive intervention in high-risk cases. There have been several previous reports about the predictive factors of aneurysmal SAH (aSAH) rebleeding (19, 20) , but the studies could not provide statistical comparisons due to the small sample size. Additionally, studies have focused on risks of ultra-early rebleeding and do not include patients who had a delayed hospital admission (8, 9) .
Our institution is a major medical center in western China to which many SAH patients are transported from rural areas. A considerable number of patients had their aneurysms sealed after 2 weeks of the ictus. Consequently, we are able to observe a wide range of SAH patients. In this study, we retrospectively reviewed 630 consecutive SAH patients who were admitted to our hospital between January 2005 and December 2008. A subset of 458 cases, including 63 rebleeding cases, was included for analysis. After identification of several risk factors for rebleeding based on the admission information, logistic regression analysis was performed to determine the predictive value of those factors.
mATeRIAl and meThodS
From the Medical Document Store Department of our institution, we obtained the charts of 630 patients who were admitted to our service between January 2005 and December 2008 with a diagnosis of spontaneous SAH by initial Computed Tomography (CT) scan performed directly upon admission. Among those patients, 65 had negative Digital Subtraction Angiography (DSA) results. An additional 29 patients were unable to be tested by this method due to rapid deterioration but a typical CT scan indicated an aneurismal origin of the SAH. The remaining 536 individuals harbored aneurysms confirmed by DSA. The latter two kinds of patients (565 cases) mentioned above were regarded as aSAH patients, and 458 of them were admitted to our hospital within 30 days of the first insult ( Figure 1 ).
The charts of the 458 aSAH patients with adequate baseline information were carefully reviewed. Whether patients had rebleeding was determined by repeated CT scans presenting an increase of subarachnoid, intracerebral, or intraventricular hematoma, or by changes noted in documented clinical signs, such as sudden deterioration of consciousness and sudden apnea. The 63 cases defined as having rebleeding after admission were assigned as the rebleeding group and the remaining 395 cases were assigned as the non-rebleeding group (Table I ).
The risk factors were then analyzed with a focus on onadmission information such as age, gender, time interval between the first attack and admission, Hunt-Hess grade (11) , systolic blood pressure, initial CT presentation, history of using antifibrinolytic medication, and hematological parameters including WBC counting, platelet counting, and serum fibrinogen and glucose levels. Parameters were identified by the Receiver Operating Characteristic (ROC) analysis or by review of literature to classify those positive results for logistic regression. 
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All data were analyzed using PASW Statistics 18.0. The MannWhitney and Chi-square tests were used to screen factors between the rebleeding and non-rebleeding groups. For logistic regression, ROC analysis was employed to find the dividing level of time interval between the first attack and admission and the blood glucose level on admission. The Chinese diagnostic standard of 140 mmHg (4) was used to classify the patients for logistic analysis of hypertension. We used white blood cell (WBC) count of 12×10^9/L as the cutoff as it is one of the defined levels of systemic inflammatory response syndrome (SIRS) (1). Forward Stepwise (Wald) logistic regression analysis was used to identify the independent factors predicting rebleeding. To analyze the influence of aneurysm location, Chi-square test was applied after excluding the cases without DSA exams. For all tests, P-values < 0.05 were considered to indicate statistical significance.
ReSulTS

Time interval between first attack and rebleed
The distribution of the time interval between first attack and rebleed of the 63 cases is shown as Figure 2 . We can observe two prominent peaks at the 3rd to 4th and the 11th to 12th day after the first ictus.
Univariate analysis of risk factors for rebleeding
Risk factors for rebleeding were male gender, Hunt-Hess grade III to V, initial CT presentation of intracerebral or intraventricular hematoma, short time interval between first attack and admission, high level of systolic blood pressure, serum glucose and WBC count on admission (Table I ). The distribution profile of time interval between first attack and admission of the two groups is shown in Figure 3 . By ROC analysis, the maximal sum of sensitivity and specificity were 1.5 days and 6.32 mmol/L for interval between first attack and admission and level of serum glucose, respectively ( Figure 4A , B). Therefore, for logistic analysis, we used the values of 2 days A B circulation aneurysms showed significantly higher rebleeding risk (34.0%) than the non-posterior circulation aneurysms (11.4%).
dISCuSSIon
Our study only included parameters that were available within a short time upon admission. Our findings could provide neurologists, neurosurgeons, neuro-interventionalists, and emergency physici(ans, especially those in underdeveloped regions, with a simple and fast method to evaluate the rebleeding risk for aSAH patients.
Time interval between first attack and rebleed
We found that 37% of the rebleeding happened in the 3 rd to 7 th day after first attack, and a second peak was observed during the 11 th to 12 th day (Figure 2 ). This is in contrast to earlier studies that found that the peak of rebleeding was 6 th to 11 th day or in the first day of SAH (16, 17) . But Brilstra EH et al. recently calculated the rebleeding incidence every two days after the initial SAH and reported that the highest incidences occurred during the first two days, gradually decreased, and then increased in the 12 th day (2). As such, the rebleeding ratio we observed and the rebleeding incidence and 6.32 mmol/L as cutoffs for interval and glucose levels, respectively. Other parameters, such as age, platelet level, serum fibrinogen level, and history of using antifibrinolytic medication did not show statistically significant difference.
Multivariate analysis of risk factors for rebleeding
The positive risk factors were stratified and included in a multivariate logistic regression (Table II) . The analysis revealed that only two variables were independently related to rebleeding-intracerebral or intraventricular hematoma on the initial CT scan (p=0.010, OR=1.478) and serum glucose above 6.32 mmol/L (p=0.011, OR=2.126).
Subgroup analysis of aneurysm location
After exclusion of the 29 cases without DSA due to rapid deterioration, the remaining 429 cases with 54 rebleed cases were divided by aneurysm location into the following 5 aspects: 1) anterior cerebral artery (ACA) or anterior communicating artery (AComA), 2) posterior communicating artery (PComA) and internal carotid artery (ICA), 3) middle cerebral artery (MCA), 4) posterior circulation region, and 5) multiple aneurysms. The Chi-square test results of each aspect of location are shown in Table III . Only posterior complications such as congestive heart failure, respiratory failure, pneumonia, and brain stem compression from herniation (7). Our finding that hyperglycemia is related to rebleeding may be another reason for poor outcome due to the condition.
No relationship has been revealed between WBC count and rebleeding previous to our study, although high level of leukocyte count was reported to be associated with an increased risk of delayed cerebral ischemia after aSAH (15) . It has also been shown that in mice, leukocytes and platelets adhere the microvasculature at the cerebral surface immediately after SAH.This may rapidly cause a whole-brain injury due to early inflammatory and prothrombogenic responses (12) . Thus leukocytes may induce damage directly to the aneurysm wall and result in rebleeding.
Meanwhile, hyperglycemia present in patients with ischemic and hemorrhagic strokes is regarded as "stress hyperglycemia" and Capes SE et al. indicated that hyperglycemia after SAH was caused by a disturbance of hypothalamic regulation (3). Stress could also cause an increase of the WBC count. Since the increased levels of both the glucose and WBC are risk factors of rebleeding, we hypothesize that patients' stress conditions are related to the risk of rebleeding. The research of Dilraj A and his associates has supported the possibility that damage to the hypothalamus and subsequent elevations in catecholamine levels may be associated with focal ischemic deficit and poor clinical outcome after SAH. However, there is still lack of studies to reveal the relationship between catecholamine levels and rebleeding (6).
Location of aneurysm
There is controversy about which aneurysm location is most susceptible to rebleed. Some reported PcomA and AcomA had a higher risk (17) , while others reported that posterior circulation aneurysms are more likely to rebleed (8) . In subgroup analysis, we also found that posterior circulation aneurysms showed significantly higher rebleeding risk than those in the non-posterior circulation. This finding may be due to the fact that these aneurysms are near the brainstem and would have a predominant clinical manifestation once they rebleed. Patients with multiple aneurysms (16.8% of total cases) were separately analyzed as one aspect because they had potentially high risk for rebleed due to an increased number of origins of hemorrhage. The rate of rebleeding for multiple aneurysms was 16.7% and was not significantly different from the 11.8% of the non-multiple group.
History of antifibrinolytic medication
It had been widely reported that antifibrinolytic therapy can reduce rebleeding but cannot improve overall outcome as it increases the rate of ischemic events. But in our study no significant decrease of rebleed was found for patients with history of antifibrinolytic medication. This may be because of differences in dosage and course of antifibrinolytic medication administered by other facilities; our institution does not regularly use antifibrinolytic medication. This analysis also mentioned above both indicated a second increase in the 12 th day after the initial ictus. This may resulted from a gradual dissolution of the blood clot that stopped the first SAH. Based on this finding, we suggest that even a delayed surgery for aSAH should be scheduled before the 11 th day following the initial hemorrhage.
Time interval between first attack and admission
Patients who were admitted within 2 days after their first SAH had a significantly higher rebleeding rate than those who did not. Combined with our finding that the first rebleeding peak was in the 3 rd to 7 th day, this result could be explained as an overlap between the first rebleeding peak of patients and the early days of admission. As many patients of our hospital were transferred from rural areas, we may have missed those who died of rebleeding during transportation or at their local hospital. Y. Fujii had reported that the majority of rebleeding episodes occurred within 6 hours of SAH onset (8) . Thus the fast diagnosis and transfer of SAH patients is essential for improving outcome.
Gender and age
Our analysis showed that rebleeding risk for males was significantly higher than for females. Although the age of 50 prominently separates the age distribution of the whole group, there was no significant difference of rebleeding risk between the two groups. These findings were quite different from other reports that claim that female and aged patients (> 60 years) had a higher risk (17, 13) . There may be a racial or lifestyle difference associated with rebleeding risk since Chinese males have a greater smoking rate than females; smoking can potentially damage blood vessels and increase risk.
Hunt-Hess grade, blood pressure, and CT presentation on admission
The findings of poor Hunt-Hess grade (III~V), initial CT presented intracerebral or intraventricular hematoma, and high level of systolic blood pressure as risk factors for rebleeding did not differ from previous studies (8, 10, 18, 19, 21) . It should be taken into consideration that patients with intracerebral or intraventricular hematoma often presented with a poor grade and high blood pressure on admission. This may be associated with pre-hospital or ultra-early rebleeding. Our study also found intracerebral or intraventricular hematoma to be independent risk factors of rebleeding with higher predictive value, thus warranting that patients who present with these conditions be treated and transferred more aggressively.
High level of serum glucose and white blood cell count
We found that a high level of serum glucose (> 6.32 mmol/L), an independent risk factor, and WBC count (> 12×10^9/L) were risk factors for rebleeding. Plenty of studies have revealed that hyperglycemia is associated with poor outcome and ischemic events after SAH (5. 7. 14. 22). The explanation provided was that hyperglycemia was associated with other rules out the effect of antifibrinolytic medication as the most possible influence factor in the pre-admission period.
ConCluSIon
We observed a particularly high risk of rebleeding among patients who had intracerebral or intraventricular hematoma on the initial CT scan or a relatively high serum glucose level on-admission. The identification of high level of serum glucose and WBC count as risk factors for rebleeding might indicate that patients' stress responses could be related to rebleed. Based on the on-admission information, an earlier and more aggressive intervention may be applied to patients at high risk.
